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IJATICKAL ADTISORT COMMITTEE FOR AERONAUTICS 

ADVANCE P.5ÖTRICT3U REPORT 

CHARTS FOR CALCULATION 07 THE CRITICAL STRESS FOR 

LOCAL INSTABILITY 07 COLUMNS lflTE I~, Z-, 

CHANNEL, AND RECTANGULAR-TUBS SECTION 

By V, 3. Kroll, Cordon P. Fisher, and Ceorge J. Heimerl 
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SUMMARY 

presented for the calculation of the crlt- 
local Instability of columns with I—, Z • , 

et annulier— tube section.  These charts are 
lace the less complete charts published In 
Note No. 743.  The values used In extend— 
are ecaputed by moment—dietribution methods 
hat more accurate values than the energy 
.1..v used and also make it possible to deter— 
L; which element of t h» cross suction is 

nsible for instability. 

- An experimental curve is included for use In taking 
Into account the effect of stresses above the elastic 
range on the modulus of elasticity of 34S-T aluminum alloy, 

A determination of the dimensions of a thin—metal 
column for maximum critical stress with certain given con- 
ditions is presented. 

INTRODUCTION 

I 

One of the important requirement8 in thu design of 
thin—r.utal oolunfio fir aircraft is the determination of 
the orltloal ccini.'ee 51 ve stress at which local instability 
occurs.  Local instability of a column is defined as any 
type of Instability in which the cross sections are dis- 
torted In their own planes but aro not translated or ro- 
tated. 



The erltieal «tress for local Instability can 
usually be given In tarn« of the geometry of the sec- 
tion, the properties of the r.aterlal, and a coefficient. 
Reference 1 presented charts for the determination of 
such coefficients for columns of I—, Z-, channel, and 
rectangular-tube sections.  These charts, however, con- 
tained relatively fav curves and in sons cases required 
interpolation over a wide range. 

In order to make the charts of reference 1 more 
nearly complete and to reduce the necessary range of 
interpolation, aach chart has been extended to Include 
eight intermediate curves.  The values used in extend- 
ing the charts are computed by moment—distribution 
methods that give somewhat more accurate values than the 
energy method previously used and also make It possible 
to determine theoretically which element of the croes 
section Is primarily responsible for Instability. 

The present report includes the extended charts, 
along with tables of the values used in preparing the 
charts, and is intended to supersede reference 1,  An 
experiment»! »nr?s if Included for use in taking into 
account the effect of stresses above the elastic range 
on the modulus of elasticity of 24S-T aluminum alloy. 
A determination of the dimensions of a thin—metal column 
for maximum erltieal stress with certain given conditions 
is presented. 

SYMBOLS 

A   cross—sectlonal area 

b   width of end or narrower wall of rectangular tube or 
of plate element of I—, Z-, or channel section 

D   effective flexural stiffness of plate per unit length 
3 

kl2(l-t*a)J 

E'   modulus of elasticity 

h   width of side or wider wall of rectangular tube 
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k   nondimenslonal coefficient dependent upon relative 
dimensions of cross section 

ksec 8Cctlon coefficient 

t    thickness 

S   stiffness In moment-distribution analysis for far 
edge free (no support ana no restraint against 
rotation) 

S   stiffness in moment—distribution analysis for far 
edge supported and subjected to slausoidally 
distributed moment equal and opposite to moment 
applied at near edge 

c restraint coefficient, a measure of relative resis- 
tance to rotation of restraining element at edge 
of plato 

\ half wave length of buckle 

u.    Poisnnni« r= + lo 

oCP  critical compressive stress 

ti    nondioonsional coefficient that takes into account 
reduction of modulus of elasticity for stresses 
above the elastic range.  Within the elastic 
range, i\  = 1. 

Subscripts: 

I flange 

V   veb 

b    end or narrower wall of rectangular tube 

h    sido or widor wall of rectangular tubo 

TORKULAS TOR CRITICAL STRESS 

Tor an I—, Z—, or channel section, eithur of two 
formulas <;iven in reference 1 may be used for calculating 
the critical compressive stress.  The two formulas are 

I 
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«1 12(1 - (is)b/ (1) 

and 

aer kf" %iT 
12(1 - ns)*J-a (2) 

The correspondiu^ formula for a rectangular-tubo aeetlon 
Is given In reference 1 as 

»cr   ** gth 
~tl" ° 12(1 - u*)ha 

(3) 

I, 
I 
I ( 
I 

In usfn.-' formulas (l), (2), and (s)  when the stresset 
are above the elastic range,  o-or/ti  Is first evaluated, 
and aor lo determined from this value by means of the 
curve of fi-oro fi.  The relationship between o*er and 
aoi-/*! tfl11 "B further discussed In another section of 
this report. 

DISC'JSSIOIJ 07 CHAKTS 

All of the quantities on the right-hand side of 
equation (1), (2), or (s) are known except the value of 
the coefficient  ley, kj>,  or k.  This value may be read 
from the appropriate chart (figs, 1 to 5) after the nec- 
essary dimension ratios are computed and applies whenever 
the length of the column Is greater than several (3 or 4) 
times the width of the widest plate element«. 

In general, when a column of I-, Z-, channel, or 
rectangular—tube nociicn f.iile by local instability, one 
of the two elements (wrl» sr.n flt-.nge or ^nd wall and side 
wall) of the orotts section uay be said to be primarily 
responsible for the iua',nLility| that Is, as the load 
approaches lto critical value, this one olauent is no 



longer capable In Itself of supporting the loads Imposed 
on It without buckling and requires a certain amount of 
restraint from the other element of the cross section in 
order to delay buckling until that load for which the 
cross section as a whole becomes unstable is reached. 
The charts show which element of the cross section is be- 
ing restrained against buckling by the other element.  A 
dashed line is drawn on each of the charts (figs. 1 to 5) 
connecting the points for which the two elements are 
equally responsible for the instability of the section. 
This line divides the chart into two regions:  In one 
region the web (or side wall) is primarily responsible 
for instability and in the other region the flange (or 
end wall) is prinarily responsible for instability.  A 
column with a given cross section will fall into one of 
these two reglono, depending on the values of the various 
dimension ratios. 

RELATIONSHIP BETWEEN o> AHD r/l 

Figure € shows the relationship between a. and 
a •;•.'*!  as determined from tests of 24S-T aluminum—alloy 
columns of Z—, H-, and channel section, either formed from 
flat sheet or extruded.  This figure was prepared by plot- 
ting the experimentally determined values of  9cr  as 
ordiuates against the values of acr/j\     as abscissas.  The 
values of aCT/r\     were computed according to equation (1) 

and the cnart of flguro 1 or- 3.  The results of the t^st3 
are discussed in more detail in reference 3, 

Similar experimental data for materials other than 
24S—T aluminum alloy are not now available, and further 
study of this subject seems desirable. 

MTBOD OP PREPARING CHARTS 

Talues of  k^, ky,  and  k  usod in preparing the 
charts (figs. 1 to 5) were computod by an application of 
the principles of moment distribution to tho stability of 
thin plates.  This method is proeented in detail and one 
example of its application is given in reference 3. 
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Au alternate procedure, which makea use of the 
charts rresented in references b and r, was us d  in eom- 
ovting seme of the Taluss for the charts of figures 1 to 
%    JLi example of the application of this method follows! 

It is desired to determine the value of the coeffi- 
cient    k-y    for a column of the cross-sectional dimensions 
shows ill figure 7.    It is necessary to oredict which ele- 
ment of the cross seotion will be • rir.arily responsible 
for the instability.    The calculations will then sho.« 
rhether  this Tjredletion is cornet.    For a section with 
a relatively wiie  flanfe,  such as that shown in figure 7. 
the flaj?»e will probably be «rlmarily responsible for 
failure.    On this assumption,  the detailed "rjcedure ior 
determining    l.A    or    Kp    is as follows« 

1.    Comnute the ratios    tj/%   aui    bjj/bp. 

2,    Assume a value of 
wave  length of the buolcle. 

X/b»,    where    A.    Is the half 

3«     Co.nnute   A./bp    from the equation t7 B^bJ- 
h,«    /.ssume several values of   kV(-.    In order to avoid 

the neoessity for  interpolation in the  tables of reference 
6,  the values of    k    should be assumed for the "art that 
is rot rriaarily responsible for  instability beoause  these 
values are  the ones that must be used to enter the tables. 
Unless previous experience has revealed the approximate 
range of sunh values to be assume.!,  this ranre may be 
estimated by the use of the relation hetween the values 
of    k    for the  too rarte of the cross section (:iven in  ste? 
and by the faot that the value of    K    for the wart »hioh is 
rriirarily responsible for instability »ill br  accaewhere 
between that for simple suoaort and that for fixed ed^es. 

5.    for each value  of 
equation 

\ • oomDute 

k«. = 

r V 

' 
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which was obtained from equations (l)  and (2) and the 
assumption that stress ie uniform across the section. 

6.  Using the assumed values of  X/t>w and ky, 

evaluate the quantity S y/(8/o)v  fron the tallies of 
reference 6, where 

f]Xty 

12n - n£) 

7.  Compute  e 
4S   yj Dp 

(eee   reference 4), where 

The formula is 

nEt, 

12(1 - HS) 

IV fS) TIT 
, s jr VIA  S W   /'"FY^A 4 TFT T^y ~ ?1V x F> 

I 

I 

8. Vith the values of t     from jtep 7, determine 
k_  from tne chart of figure 3, reference 4, 

9. Plot kj,     from step 5 and  kji  froc step 8 as 

ordinate against either of the two values as abscissa. 
The intersection of the two curve? gives the correct 
value of  kj.  for the particular value of  \/bj. 

10. Bepeat steps 2 to 9, assuming different values 
of  \/bw. 

11. Plot the values of  kji  from step i against 
x/b-j,.  The minimum of this curve gives the required value 
of  k?. 

• 



IT If the calculations Indicate that  S w is nega- 
tive, the prediction that the flange is the primary 
cause of instability is wrong.  In such a case, the 
calculation n.ust be enrriod out with  S   v  instead of 
IV 8  if  in step 6, and with the chart of figure 3, refer- 

ence 5, in step 8.  In addition, all the subscripts  7 
will become  W,  and vice versa. 

The results of the procedure outlined heroin as 
applied to the probiere of figure 7 are gi-ren in table I. 
The values of  k»  in the Ir-.st column of tnble I were 
determined according to step P.  If these values of kji 
arc plotted cgainst  \/by,  the minimum value is found 
to be about C.73.  The value of  kyf  cun bo computed from 
the formula given in step 5. 

Tables II to VI give the minimum values of V.g,   ky, 
and  k used in the preparation of figures 1 to 5.  All 
of the values of  k  and  kw  in these tables except those 
marked  a  were computed either by the method Just out- 
lined or by the moment—dlstribution method dissussed in 
reference 3.  The values of  ky  were then computed by 
the equation given in step 6,  The values marked  a are 
those computed by the energy method »nri us«"? la the prep- 
aration of the charts ot reference 1. 

DIKENSIOHS 0? THIW-hETAL COLUhNS JOE 

KAXIHUh CRITICAL STRESS 

Equation (1) gives the critical stress for an I—, 
Z—, or channel column in terms of the width and the thick- 
ness of the web.  The effect of the presence of flanges is 
taken into account in the evaluation of the coefficient 
kjf.  For the purpose of studying the dimensions that give 
maximum critical stress, the form of equation (l) is pre- 
served but the concept of certain terms is generalized. 

The ratio  b/t  of a plate may bo called the aspect 
ratio of the plate.  A corresponding quantity that ex- 
presses the »section aspect ratio" for a thin—metal col- 
umn is the area of the section divided by the squKre of 
some thickness.  If, therefore, equation (1) is written 
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I 

11 

i 

er _ 

12(1 - ns) C-f)" U) 

than the value of the section coefficient  ksec  Is a 
ooasure of the effect of the shape of the section  by/u;; 
on crcr/n  for a given section aspect ratio A/tya  and 

a given value of  ty/ty.  In order to show that  k„ 

dependent on only  by/by  and  t^/tj.,  equatl 

set equal to equation (4), with the result tl 

sec 
tlon   (1)   is 
;hat 

t*r\B 

(f) (5) 

From the geometry of the section (Z— or channel), 
A = byty + rbjtp.  If this value of  A  is substituted 
in equation (5) and the equation is solved for  ksec, the result is: 

(l  • 3 VW (s) 

The value of  ky depends on enly  by/by  and  t^/t-j, 

and the value of  kSGC  therefore also depends on only 
those two ratios. 

In figure 8 the values of  kBec 
equation (6) are plotted for channel— 
uman, and in figure P similar values i 
section columns. 

A method exactly analogous to the foregoing method 
can bo applied to rectangular tubes. In this case, equ 
tion (4) is written 

sec  a8 "iatermined by 

and 2-eection col- 
re plotted for I- 

qtia— 

"er 
1 

v Ä • n M  '.' • 
TT^B 

iad - n=) (¥)' (7) 
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and the formula for  ksec  becomes 

k.ec • 4k (-*$)• 
(8) 

In figure 10 are plotted the values of  k90c  for rec- 
tangular tubes, as determined by equation (8). 

As a practical problem In the determination of the 
dimensions of a thin—metal column for the development of 
maximum critical stress, consider a flat strip of metal 
of constant thickness which is to be formed Into a Z- or 
channel section.  In the formed section,  M;/tj • 1.  The 
section aspect ratio  A/ty*  is equal to the width of this 

strip, or the developed length of the final cross section, 
divided by the thickness.  When bent to form a channel— or 
Z—section column, this strip of metal of constant thick- 
ness develops the highest  o-er/ti  for local instability if 
the bends are so located that the ratio of flange width to 
web width  by/by  is equal to about 0.41, which is the 
maximum of the curve for  tw/t^ =1  in figure 8. 

B*g»rdle<i8 ol the thickness used in the definition 
of the section aspect ratio, the maximum value of  •7,;r/l 
for a given value of the section aspect ratio will occur 
at the same values of  hy/hy for a particular value of 
ty/tjr.  The maximum for each  ty/ty  ratio therefore re- 
veals the shape — that is, the value of  by/by — that the 
I—, Z—, or channel section should have if taximum  ic!./n 

is desired,  The same reasoning holds for the rectangular 
tube.  (See fig. 10.) 

Equati 
more useful 
equations ( 
figures 1, 
11 to 13 wi 
the maximum 

values of 

position of 
used in the 
of interest 

ons (1) 
to pra 

4) and 
3, and 
th dash 
value 

ty/ty 

these 
defini 
to obs 

to (3) and figures 1 to 5 are probably 
ctical designers than the more general 
(?)   and figures 9 to 10.  The curves of 
5 have therefore been redrawn in figures 
ed lines added to show the percentage of 
of a 

and 
cr/n  that can be developed for given 

A/twE  when  by/by  is varied.  The 

lines is independent of the thickness 
tlon of the section aspect ratio.  It is 
er-ve, by comparison of figures 2, 4, and 

• 
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• *ith fieuPea .. 
bf«8 „o „,.„£*     , that the nno of „M, 
dimension ratl«. .  latl0B *• the n-! I- •*»*•«• values 

-•Nut, of .jr;,.^;,;^!!, -VS.if{OTJ» «_ 

COITCIÜSIOBS 

1, The critical eoriprossive stress at which cross- 
sectional distortion begins In a thin—wall column of I—, 
Z-, or channel section is given by either of the folio-,-— ing formulas: 

O'er   _ fcyff'Bty8 

n 12(1 - ^)by3 

-8J s     ^r^'tity* 
n     isd _ ^p 

where 

*¥       width   of  web 

°7       half  width ""   »*   flanks   #rj.   T 

* "-SBSJ2S SK- **. ,,. 
V        •  and  (i 

*°unsi8  modulus  en*  t>  - 
oateriol  r!     ?cl»sonis Patl„ , 

*»•*, respectively     'atio for the 
'-«r and t«  «-hi • 

or „et, aad fl 
"»o«, respectively 

»»»dimensional coefflcl  . 
account r-dBetio"1',1"* *?•* *«k« into 
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For a rectangular-tube   Beetle 

I 

"er .  f_ü8 Etha 

1S(1 ->»)h" 

where 

nondimensional coaffiM. * 
chart       «-«ioiMt read from approprlate 

h and  t 
;jj  width and thlcknoss, respectively, of side or 

wider wall of rectangular tube 

2,  Tor stresses above the elastic range, the critical 
compresslve stress is determined from c curve that gives 
the relationship between aCT    and a.-/«  *•" "*" " minum alloy. »cr/1  for 24S-T alu_ 

4,  The equatl 
ented in general fc 
section aspect r.iti 
the thlcknoss of an 
is the area of the 
tions, charts have 
shape alone on tho 
The sh.-ipes that -iv 
ent relation to the 
(or end wall and si 
instability of the 

ons for critical stress Ml also pr&s— 
rm with the ratio  b/t  replaced by the 
o  A/ts,  whore  b  is the width and  t 
element of the cross section, and  A 

cross section.  from these general cq.ua— 
been prepared that reveal the effect of 
critical stress for local instability, 
e uaximum critical stress bear no appar— 
proport ions for which t'ie web and flange 

de veil) are equally responsible for the BOO lion. 

langley Memorial Aeronautical laboratory, 
Sational AJvJv.-ry C:<a-z litse for Aeronautics, 

La n g 1 j ,v- 3....-1 i, V.i. 
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TABLE II 

CALCULATED MIHIMUH VALUES OF  kw FOR  I-SBCTIONS 

y«7 
0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 

0 
• 05 
.10 
•IS .20 
•25 
.30 

'.ho 
•45 
•U75 
.50 
• 525 :p 
.575 
.60 

:S 
1.00 

•L.oo 
'6.05 
•6.US 
•6.61 
•6.68 
•6.72 
6.72 

'V.Ik 

6.75 
6.75 
6.39 
6.21 

« 
4.23 
3.30 
2.19 

«U.oo 

^•98 
•5.01 
4.86 
4.62 
4.12 
3.58 

•4.00 
•4.06 
"4.09 
&•» •3.89 
3.57 
2.97 
2.2} 
1.72 

»__ 
—     — .'.'.z 

*.-•• E 
6.46 
6.49 
6.51 
6.52 
6.46 
5.96 
5-51 

6.12 
6.15 
6.09 
5.7t 
5.04 

5.71 
5.59 

® 
5.26 

|| 
4.07 
3.52 

4.3? 
3.?u 
3.49 
2.97 

3.99 
3.59 
3.07 
2.55 

3.7? 
3.34 
2.70 
2.25 

3.66 

1.9B 

4.31 3.54 5.02 2.61 2.12 1.76 1.50 1.30 1.10 

U.li 
3.12 
2.47 
1.65 

3.22 
2.46 
1.91» 
1.29 

2.65 
2.02 
1.58 
1.07 

2.23 
1.71 
1.35 

• 90 
1.18 

| .78 

1.5U 
1.17 

1.26 
.96 

:8 .40 
.51 
.33 

.76 

"':8 
"Computed by energy solution (reference X). 
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TABLE III 

CALCULATED MINIMUM VALUED OK    kK    FOR I-3ECTIGNS 

IB 

0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.C 

0 
.2 

5 
.8 

1.0 
1-25 
1.429 
1.667 

i-M 
1.818 
1.905 
2.000 
2.105 
2.222 
2.500 
2.857 
5.335 
4.000 
5.000 
6.667 

•1.288 «1.288 
•1.019 

»1.238 

».62? »1.193 
».852 

».567 
-5i+7 
• 527 
•Sl8 
•498 

•465 
.!,••.' 

»1.147 
1.120 
1.119 

I.096 

°:5S 
.550 
• 532 

0.634 
.607 
.590 
.568 

O.685 
.64b 
.635 
.605 

O.729 
•522 .676 
.651 

• 777 
• 752 
.725 
.703 

0.885 
.81+0 .55 
.798 

0.960 
.937 
.920 
.886 

I.029 
1.00/t. 

.982 

.985 

I.075 
1.004 
1.05J1 
i.eU» 

.§71 

.210 

.145 

.528 .567 .611 .653 .762 .662 .962 1.049 I.098 

.500 
450 
.566 
•*ß .187 

.539 .m 
Mb 
.322 
.228 

•Ml 
.u6o 
.568 
.266 

.269 

.151 

».067 
».057 

• 573 

.504 E.200 
».112 

.685 

.615 

.511 

.588 

.799 
•737 

.1*69 

.920 

.871 
•7°? .606 

1.025 
1.007 

.925 

.741 

1.101 
1.095 
1.070 

.892 
».625 
'.364 . 1 1 

»Computed by enorpy aol'itlr*n (reforenee 1). 
TABLE IV 

C.ILCOT.ATED Pinna» VALUES OK   kw   FOR CHANNEL «ND Z-SBCTIOI:S 

I 
I 

0.5 0.6 0.7 o.r. 0.9 1.0 1.2 1.4 1.6 1.8 2.0 

0 
.050 
.100 
.130 
.1S7 
.179 
•12s .208 
.227 
.250 
.500 
.350 
.lj.00 
.450 
•475 
.500 

.550 

.560 
• r;75 
.600 
.700 
.ftn> 

l.OOd 

»4.00 
»5-46 
»6.02 
»6.19 
«6.31 

•4.00 
»4.26 
•4-45 

»4.00 

%:8 
»4.50 
4« 59 

hi 
4.11 
3.74 

•4.00 
»5.98 
»3.97 

•1:8 
IS 
2.41 
1.B7 

»6.38 

'6.43 

6.50 

6.53 

6.54 

6.40 
6.07 

lit 
3.54 
2.39 

6.05 
6.1U 
6.13 
do 
6.06 
5.86 
5.46 

5.59 
5-59 
5-55 
5.36 
4-93 

5.15 
5.12 

4.19 

4.79 
4.65 
4.46 
4.09 
3.70 

4.19 
5.90 
5.65 
5.25 

4.00 
5-76 
5.36 
2.69 

3.88 
3.59 
3.13 
2.56 

3.48 
2.78 
2.18 

4.45 3.74 3.26 2.90 2.4c 2.02 I.69 1.42 1.19 

4.51 

2.68 
1.81 

J.4n 

l..'I 

2.91 
?.27 

1 t ..-• 

2.49 
1.93 
1-53 
1.03 

2.20 
1.70 
1.56 

1.76 
1.52 
I.05 

.66 

1.44 
1.09 

l,J2 .99 
.67 
.44 

.98 
• 72 
.55 
.36 

.83 

""45 
• 30 

»Cc^i-utert !iy cnmxy  iiulutlra (refarunaa 1). 



TABLE V 

CALCULATED MINIMUM VALUES OP    kp    FOR CHANNEL AND Z-3ECTI0N3 

h 
.1, 

i 

\*wAp 

V^P\ 
0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 

0 
.2 

.8 
1.0 
1.250 
1.429 
1.667 

i:l 
1.618 

z. 000 
2.105 
2.222 
2.500 
2.657 
3.553 
4.000 
4.400 
4.800 
5.200 
5.600 
6.000 

•1.288 •1.288 
•i.ui 

•1.28J 

••695 •1.231 
•.962 

•.621 
.5?8 
• 567 
.545 
.515 
.502 
.501 
•489 :S 
.261 

""i46 

••08? 

•1.201 
1.19; 
1.152 

1.19! 

0.650 
.617 
• 592 
• 559 

0.706 
.676 
.655 
.611 

0.772 
.726 
.712 
.671 

O.836 
.791 
• 767 
.727 

.390 

.870 

.8?2 

.792 

0.985 
.964 
• 954 
.911 

1.074 
1.056 
1.045 
1.015 

1.134 
1.110 
1.110 
1.099 

1.161 
i.i4o 
1.143 
1-157 

| 
• 551 
.270 
.198 
.136 

••5U3 .598 .657 .725 .864 .990 1.084 1.147 1.185 

.489 

.420 

I247 
.171 

.542 :f 

.295 

.206 

.606 9 

.542 

.242 

.598 

.505 :i 
a.2?6 

•.170 
a.l46 
".127 

.515 

.377 

.906 

.807 

.662 

.489 

1.049 
.982 
.828 
.621 

1.151 
1.104 
1.013 

.772 

1.191 
l.lfl" 
1.171 

•935 <m 
•.441 

. .. 

".059 

«.044 

•computed by energy »olutlnn ("»fer^neo 1). 
TABLE VI 

CALCULATED MINIMUM VALUES OP    k    FOR HECTANOULAR TUBES 

V» 

i 

VtA. 
»/h\ 

0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 

0 
.050 
.075 
.100 
.125 
.200 
.;00 
.400 
.500 
.600 
.650 
.661 
.670 
.700 
.750 
.780 
.800 
.620 
.850 
.900 

1.000 

a 

•7.01 

•4.72 
»4.62 
4.44 
4.30 
4.21 
4.12 
3.94 
3.82 
'•ji 3.68 
3.5a 

T56 

1.64 

....   _-.- 
•7.01 
•6.45 .... .... _-.* 

  •7.OI 

        •6.09     •6.85 

4.68 4.94 5.21 5-42 5.66 6.02 6.31 6.48 6.62 6.71 

4.41 4.62 4.82 5.05 5.30 5.72 6.05 6.29 6.45 
6.45 
6.41 

6.59 
6.57 
6.56 4.12 4.30 4.52 4.77 5.03 5.52 5.92 6.20 

3.06 
;.66 
'..;„. 
3.42 
3.27 
3-05 
2.75 
2.23 

4.08 

3 "75 

6.40 6.55 

T54 4.Ö4 k'.H "MS 5.28 5-79 i:a 
3.29 
2-75 

3.69 
3.22 

6.39 
6.39 

f.54 
6.16 3.61 4.00 4.81 5.56 6.10 

Computed by energy solution (reference 1). 



NACA 

\1 
Pi«.   1 

I 

3 \ 
N 

1/ 



)« 

-3- 

> 

MAC- \ ?ig. 2 

«At 
ij »B UN | AV isr «y 1 tf - 

• 1 XII -AI Rf) (AII3 CIS. / 
1 101 • t T F' • 

-rfj ? . 4 "*. 
j       ^ | 5 V 

'•' - _c •1 
J 

V 
j 

in }Si c£0 f * 
üj: "> * 

. * • *v sv t\ 

.; J v 
ji< \ 

'' 

1, Ihn 111 k •K N 

* 

Ufe iff ji to im hi S3 SflK s K rr- "i 
s % s, ., 

V N \ 
JJ L \ JjS ^ V JO K k •< 

H3 
r-"i ^" 

- — .' t • ^ kS 
& 

' ; !w 
i. 

o \ N vi ^ 
<,i i 

^ rk 
j~" K 

N 
i est ruin ed J g.j "\ 

y V \ 
; \ % k IN 

-m'- 
\ •s, % 

Pls B 

i  
. 

'. 

_JL • 9 • 1 ' L_ • 1 ,i; 

to. > rb 

FJCU 

y 
n ?, M Uli mi 1  V nh «' d 11 «. fnr CJi. n kr»i lit < loask id 

• CO till tnr 5 C If r-i «r tim n. 
•f • • 

<* 
n 

kn .W F f. ; 

1? (l- i» Ki P t 
! 1 1 ' 

f 



KACA 
/ 





KACA. flg.  5 

-4 

1. 

• -Ill 1 
-4—l f  T r i 

—, , ,— , 

-*l ft Hi TTPTT- TPT rt" nrr rr" 

~""rT    "TTT-i ; 1 ; 
nj"t r|P   1' ill 'i—FT 1-1—1—c-Hi—rrT*I 1— —J— |M "-ifciXi X •—1-± iiiiiii_iii:iE:EE 

4= -f" 3= [fc : —. rr- =-- __, _L _ _ _ 1 i_!B.           -1 

k T £d_-f 4_^ ~U _j-   1 Xxx~x::x::5jx 
J L.        ^.  .  . 

5s xü _E_E_t±±_        ±     XX   - 
±::::±     :-^^- 

—H*--M -..--Xfc*. 

iric 
xxx 
—1— ^-« c;*— 

v^dLuei_hiiS_yiy j_idjM_L     _,_ 

—  -— 
v           T" 

_4__ _4___J= "•*« -t- ^K H— ^K -i- -r*< rr- - S -HS  IIIC _____]_ 
i                   u. 

*"-•-—, ^^>~^^.vS! 
*-£-t: 1                    i X__ v v   NL ^^   i   ^VL      "V*^ hK* -   X    .. X X 1 \    Ts  J  s[    pr   T5 

— -c^t: Ht raitl—'—h —4-—)— -,+— -f- + -f--\ 1 IX -t— M— ^ Hw  
"I-' t t* w< in- -^ -L- 

d Wcill ,v. h 
______ 

\   X.j-^Xsi  
—x^-xMri-^x-'s:   •  

-Xj~-i_- 
_ ±_:: ::x5£x ii 

__ 0J_(_ _J. fl^ _ei _JL JH1Q ^ _.  
" rjojtf rj-fre rf   w «IK p\; jji il ^< i - *r>H-    ! 1 4." 

i—\—i —\—. --+±S=3= =±= =8+3  ^ _g_X_ 

±~4-+: 
•--|s = =S x S±± —.___ S,. ^-f-x 

1      !,....    , _L S 
itX  _.XX 

.... .... 
"V. 

-1-XXX4- sj5 
S| 

i          1 
• 

I        J 
X      X_i_ 1           i               _.,._,         ! __._.,., J ;   !   ;   :   : 

•i 
:.   • . « iwu L *n WfTi 

;  • 
• • • 

:   . ..   I   t                  ..-....- 
• 

1 0
o" •   0   • - . <t.      .ii      1 >  

•   . y     l          .i     Ii     I h i,      .     .    t :..L„. :: 1 n 

•Figure i.*5 - vei iifta 1 atfcfi d <j:^r tH>f|y   IqqHb^ 
! chhirrtrh.s jc>f| fa ±    -_i 1    -i ilJ -f   ui-i    1    1-- 

ZtC Öq jiQ ",tli_Xt _i _tt CO.+ 
" : •rk- 1W1 HÖti? 
-J-    1       1    • 

f 
- 1——   •     ;• 

•    i  i  !i n [«* -M%-     .. :|: ::||:::::: 



1UCA »lg.  6 

«i 

•I , 
I 

I 

1 
1                   llA.n.l.                                       i                     ' _ 1 '>°   •                                                      |                    1 1 

]~    ...              i ! 
t\A   +••   •                   i • 

1 - 

ilfl. ' 
ilU. 

i 

_     j|__ 

  — 

iz ••                i i 

.. —4— . 1 
— g                _...       —j-. 

1 
o -fl 

- 1" .J  
<h 1 

I • —' »4 . f 
"*"*"  T          ' 1/ •• 

t. b 
t> *o                    1 ! 

• • . .1.... T - 
!. 

A _. ,   ,           , / °                                    / ! 
j j 

I 

; 

J 
1 . 

2         ...         j    .     *           _t^    ... 
..... • 

—I 

  
i • 

fl               /       1 
j- 

""3 __£-" 
! 

• 

;• 

__C0I 
NATI 

mm 
INAL iDVISI 

Mill IS 

•i7 . I . 
i 

i 

_^u 

i 1        1 
7*: 

OÜ , L_ 
. _   (1 j        1) i      \z D Ija : 4 0 

zrrr 

ps/ 

inc< 
2^ 

3q ii 

1 
5" 

-elc 
c 

0 

tlöi 
turn 

7 

nur 

0 

be 
ill 

ib       s 

twesh F gurei 0. - Exaer 
: «fa  c 

rr 
in 

<> it 
< 
öl 
'(I 

/ '1 

it 
F 

P 
n c 

-   I 



Figs.   7,8 

1 • r r 
// 1 

/// 
// / 

As- g^ « 

//./ 

r      f 

k r4    « 1    O) L_ s f J *,/ s/ <s 
i    /   / 

/Q/ 
i 

\ 
\\ 

\ 1 
/ 

J 
 Its 

evj 8     2 
L ~z c >                            o      eO 

\ 

-     *•    3 

SB   -s    Ö 

.*> C 

&i i 

.2 E 

O </> 
S -3 
c — 

O   o 
S3 J 



I-, 

H 
•» 

NACA 

*i f 
lie. 9 

?00 

by 
tr 
05 

6 
,-^-1 

X            X 
S •" 

> X^       - 1 
60 •V /" 

'       'x <^ A 
40  7^ 

<> 
sec 

1.0 
20 
/"_ 

10 

6 J6-  

f. 
^^^ IA   

o—===— 
'  

1 

r' 
4 5 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 9.-Vulues   of   kj^r   tor   centrally   loaded   columns   of 
I-section. 



UAQi 

JA 

rig. 10 f 

5 
•4 

h 
10 B >9 

NATIONAL ADVISORY 
COMMITHl FOR AIR0NAU1ICS 

Figure 10.    Values   of   ks« for   centrally   loaded   symmetrical 
rectangular    tubes. 

v. 

. 



Tig. 11 V* 

centrally-  loaded: columns 

f 

*>   myp>z)w 



«1 

I 

HAf!A Fig.  IS 
fi 

•   rnumilFt  fciiM UkufcAu 

I—^)f j clhnririril   .segtihifr  ijnd.fr--foy_tintS.-j    j 
,   . !      1       |<V    h    KW«"    Et»;       i       ;       ,       I       , 

IlCS 

I • I ! r)   '   iz(iyur?ty *... z 



NACA 
tig.  13      A« 

it 
> 

f 





[ 
TITLE: Charts for Calculation of Uta Critical Stress for Local Instability of Columns with 

I-, Z-, Channel, and Rectangular-Tube Section 

ATTD- 9318                ' 
OTOJON 

(None) 

ORISINAT1NS A6ENCY:Natlonal Advisory Committee for Aeronautics, Washington, D. C. 
OSO. AStKCY NO. 

ARR-3K04 
PUBLISHED BY: (Same) niBlOWNO AOCMCV MO. 

Nor'43 
DOC aim 
Unclass. 

OOUMTDT 
D.S. 

tätCOUättS   i 
Eng. 

PAoa 
28 

•UUSIBAIKXSJ 
tables, graphs 

ABSTRACT: 

Values used !n extending incomplete NACA charts are computed by moment distribution 
methods. It is possible to determine theoretically from them which element of cross 
section is primarily responsible for instability. An experimental curve which takes into 
account effect of stresses above elastic range on modulus of elasticity of 24S-T aluminum 
alloy Is Included. Dimensions of a this metal column for maximum critical stress with 
certain given conditions are determined. 

DISTRIBUTION: Request copies of this report only from Originating Agency 
DIVISION: Stress Analysis and Structures (7) 
SECTION: Structural Theory and Analysis 

(Methods (2) 
ATI SHEET NO.:   R-7-2-S9 

SUBJECT HEADINGS: Columns - Stresses (23596); Structural 
members - Stress analysis (90859); Strength of materials 
(80750); Metals - Stresses (61084) 

AJf Docm-idiTfl Dfvfsiofaj tntoui^oQco Poportiftoftt 
Air Kotorfd r 

Ata TECHNICAL IWD2K V7rrohr-fcrrtoreon Afr Porto Go» 
Dayton, Ohio 



r 
TITLE: Charts for Calculation of the Critical Stress for Local Instability of Columns with 

1-, Z-, Channel, and Rectangular-Tube Section 
AUTHORISE Kroll, W. D.; Fisher, G. P.; Heimerl, G. J. 
ORIGINATING AGENCY:National Advisory Committee for Aeronautics, Washington, D. C. 
PUBLISHED BY: (Same) 

ßTQ- 9318 

(Hone) 
Q. AGEXT KO. 

AHR-3gP4 
nmmoKS uKSXt rax 

OAI3 
NOT '43 U.S. tables, graphs 

ABSTRACT: 

Values used In extending Incomplete NACA charts are computed by moment distribution 
methods. 11 is possible to determine theoretically from them which element of cross 

. section Is primarily responsible for instability. An experimental curve which tabes into 
account effect of stresses above elastic range on modulus of elasticity of 243-T aluminum 
alloy is Included. Dimensions of a thin metal column for mmriwmm critical stress with 
certain given conditions are determined. 

DISTRIBUTION: Rennest copies of this report only from Originating Agency "O, ty&    *£-& O 
niVKIOM- jtreää An»lyal« ami Hh^rfn•,. (7)    /    I SIIRJEPT MPAflfMg;<; Cntonn» - Stresses' (MiiflB'; Structural 
SECTION^ structural Theory and Analysis members^ftress analys£j30859); Strength of materials 

'u^iwvte (3) | (90750); Me&iM - acreages (61084) 

Midi INDEX wriQltt-PoftQCQQf)  AIT   VOTCO  UOP3 
Daytaa, OMo 

-iiMümjnnuniuJuiiiiJiiMjnnin mint iini inni 



UNCLASSIFIED Uät nÜ'iKQRin':  BIDE} 
OF «ACA TliCHiaCnL . UBLICATIONS 
DA1ED 31 DECBx^ER 1947. 


